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Characterization of Hen Egg Lysozyme and Bovine Serum 
Gamma Globulin Amyloid Fibrils Using Thioflavin T (ThT) 
Fluorescence and Scanning Electron Microscopy (SEM)
Colin Engesser, Samantha Skaar, and Jordan Welshons
Amyloid Fibril Complexes
 Protein Aggregation.
 Occurs naturally in cells
 Can be promoted by structure 
integrity
 Eventually becomes insoluble
Formation of Fibril Strands in a healthy cell.(Fändrich et al., 2012) 
SEM imaging of HEWL amyloid fibrils.(E. Takai et al., 2014) 
Health Risks
 Interfere with membrane chemistry









1. Can we form the fibrils?
 pH Dependency?
2. Can we degrade these fibrils?
 Use of Proteases 
3. Visualize the fibrils.
 Scanning Electron Microscopy
Bovine Serum Gamma Globulin Bovine Serum Albumin Lysozyme
Forming the Fibrils
 Measured using Fluorescence Spectroscopy
 Fluorescent Dye Thioflavin T (ThT)
 Found to be pH dependent
 Able to form fibrils for all proteins except Lysozyme
 Concentration Problem
Thioflavin T (ThT).
Fluorescence intensity of ThT- gamma globulin amyloid complex as a function of pH.
Fluorescence of ThT-gamma globulin amyloid fibril complex in 50 mM acetate/50 mM phosphate buffer at pH 2 with constant 
ThT concentrations of 0.01 mg/mL
Fluorescence of ThT-gamma globulin, bovine serum albumin, and lysozyme amyloid fibril complexes with 
addition of Sterile dI Water
Originally: 50 ℃ 80 
rpm for 20 hour
New: 65 ℃ 150 rpm 
for 20 hours
Degrading the Fibrils
 Used four different methods.
 Pepsin at pH 2
 Changing pH to pH 7
 Trypsin at pH 7
 Cu2+ cations.
Pepsin pH 2
Fluorescence of ThT-gamma globulin amyloid fibril complex after addition of  26 mg/mL pepsin in 50 mM
acetate/50 mM phosphate buffer pH 2
Pepsin pH 2 Continued
Natural log of Degradation of fibril with Pepsin at pH 2
t1/2 = 1.3 hours
Changing pH to pH 7
Fluorescence of ThT-gamma globulin amyloid fibril complex after addition of 50 mM acetate/ 50 mM
phosphate buffer at pH 7
Changing pH to pH 7 Continued
Natural log of Degradation of fibril with changing pH to 7
t1/2 = 9.2 hours
Trypsin at pH 7
Fluorescence of ThT-gamma globulin amyloid fibril complex after addition of 67 µg/mL trypsin in 50 mM
acetate/50mM phosphate buffer at pH 7 buffer
Trypsin at pH 7 Continued
Natural log of Degradation of fibril with Trypsin at pH 7





















0.2 mL Incubated Lysozyme + 0.01 mL Water
0. 2 mL Incubated Lysozyme + 0.01 mL Cu
0. 2 mL 0 hour Lysozyme + 0.01 mL Water
0.2 mL 0 hour Lysozyme + 0.01 mL Cu
0.2 mL Inubated Gamma Globulin + 0.01 mL
Water
0.2 mL Incubated Gamma Globulin + 0.01 mL Cu
0.2 mL 0 hour Gamma Globulin + 0.01 mL Water
0.2 mL 0 hour Gamma Globulin + 0.01 mL Cu
Effect of a 1:1 Molar ratio of Cu2+ Cations and Protein on Fibril Degradation
New Incubation Settings
Originally: 50 ℃ 80 
rpm for 20 hour
New: 65 ℃ 150 rpm 
for 20 hours
Fluorescence of ThT-gamma globulin, bovine serum albumin, and lysozyme amyloid fibril complexes 
after addition of 91 mg/mL pepsin in 50 mM acetate/50 mM phosphate buffer at pH 2
Visualizing the Fibrils
 Scanning Electron Microscopy (SEM)
 Sample Prep
 1 µL protein on peg
 Air dry
 Gold Sputter Coat
 Run Sample
Bovine Serum Gamma Globulin Fibrils
SEM images of bovine gamma globulin at a protein concentration of 0.24 mg/mL in pH 2 acetate/phosphate buffer at 65°C.
Gamma Globulin Blank
pH 2 50 mM Acetate/Phosphate Buffer
Lysozyme Fibrils
SEM images of HEWL fibril formation at a protein 
concentration of 0.1 mg/mL in pH 2 KCl saline at 
65°C.
Lysozyme Blank
pH 2 KCl Saline Solution
SEM images of HEWL fibril formation 
at a protein concentration of 0.1 
mg/mL in pH 2 KCl saline at 65°C.
SEM images of bovine gamma globulin at a protein concentration of 0.24 mg/mL in pH 2 
acetate/phosphate buffer at 65°C.
SEM imaging of HEWL amyloid fibrils.(E. Takai et 
al., 2014) 
Conclusion
 We were able to form fibrils from Gamma Globulin 
and BSA
 Lysozyme concentration was too low to read
 Immature fibrils can be degraded by Pepsin
 Mature fibrils are not degraded by Pepsin
 SEM pictures showed huge protein structures in the 
µm range
 Large structures due to air drying sample
Formation of Fibril Strands in a healthy cell.(Fändrich et al., 2012) 
Future Plans
 Adjust Lysozyme conditions
 Test new modes of degradation
 Test modes of Inhibiting fibril formation
 Visualizing using Atomic Force Microscopy (AFM)
AFM imaging of HEWL amyloid fibrils.(E. 
Takai et al., 2014)
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Bovine gamma globulin, pepsin, trypsin, and ThT were purchased from Sigma Aldrich. For ThT fluorescence studies, all samples were filter-sterilized and ThT fluorescence was 
monitored using a Molecular Devices SpectraMax M5 microplate reader by excitation at 440 nm and emission at 482 nm every 5-10 minutes for 16 hours. Initial samples were 
composed of bovine gamma globulin with concentrations varying from 0.24 mg/mL, 0.48 mg/mL, and 0.72 mg/mL, with ThT concentrations at 10 g/mL (30 uM), and 50 mM acetate/ 
50 mM phosphate buffer. Samples were incubated for a period of 2 hours before beginning fluorescence studies. Addition of Pepsin concentration was 26 g/mL and trypsin 
concentration was 67 g/mL. All experiments were performed in triplicates to ensure equal conditions for data collection and calculations. Another set of tests was run using lysozyme 
and bovine serum Albumin, along with bovine gamma globulin. Gamma globulin and bovine serum albumin had concentrations of 1.8 mg/mL, while lysozyme had a concentration of 
0.1 mg/mL. All three of the proteins were dissolved in pH 2 KCl Saline solution. The proteins were incubated for 20 hours at 65°C and 150 rpm. After the incubation was complete 
fresh “0 hour” protein solutions were made to compare to the incubated proteins. Each protein solution was plated twice in triplicate. Pepsin was added to one set of the wells, with 
a final concentration of 91 g/mL. Sterile dI water was added to the other set of wells. To visualize the formation of the fibrils, SEM coverslips were adhered to SEM pegs. The samples 
were diluted 1/100 in sterilized water and 1 L was plated on their respective coverslips. The coveralls were made of white borosilicate glass to offer the most clarity when viewing the 
samples. The samples were then allowed to air dry and were sputtercoated with gold for 30 seconds leaving a coat of 3nm thick before they were viewed using the SEM.
MATERIALS AND METHODS DISCUSSION
The purpose of this study was to explore ways to form and degrade gamma globulin and lysozyme amyloid fibrils. Monitoring fluorescence of 
ThT-gamma globulin amyloid fibril complex showed that we can track the ready formation of amyloid fibrils at pH 2 without a lag phase or 
seeding.  ThT fluorescence also showed the potential benefits of using proteases to degrade amyloid fibrils.  We can monitor the degradation 
of amyloid fibrils after addition of the proteases.  Degradation greatly varied between the two serine proteases, pepsin being more effective 
than trypsin due to the fact that pepsin is most active at pH 2 and trypsin is most active at pH 7.  The half-lives of degradation were calculated 
from the first-order kinetics of degradation.  This allowed for the degradation induced from the two serine proteases to be compared along 
with the influence from pH changes used for trypsin. Pepsin had a half-life of 1.3 hours while little to no degradation was observed with trypsin 
with a half-life of 14 hours. Trypsins degradation was even less than that from the pH change alone, which had a half-life of 9.2 hours. For 
gamma globulin, changing the incubation parameters to 65 ℃ and 150 rpm for 20 hours, we see a change in the degradation pattern in the 
incubated protein. The Incubated gamma globulin is still degraded by pepsin, but only to a certain degree then it appears that the fibril is no 
longer degrading. This is shown thought the constant fluorescence intensity achieved after around 1 hour (Graph 9). The gamma globulin 
amyloid complexes seem to stay at a constant concentration. This supports the theory that during the fibril formation process there are smaller 
“pre fibrils” formed first that are accessible to pepsin. After the “pre fibrils” are formed they then aggregate and form mature fibrils as 
proposed by Seraj Z (2018). The longer incubation conditions seemed to have sped up the fibril formation which results in the formation of the 
mature fibrils compared to the earlier conditions where the mature fibrils most likely had not formed yet. When BSA was treated with pepsin 
there was no observable degradation. In fact, the BSA fibrils continued to form after the addition of pepsin. We believe this is because all of the 
BSA had already been aggregated into mature fibrils and continued to aggregate further. All of the results for lysozyme did not produce any 
usable data. We believe this is because the concentration of lysozyme used in the assays so far has either been too high or too low. Our SEM 
condition favored aggregation of HEWL and gamma globulin fibrils. Previous studies measuring fibril formation have only seen fibril formation 
in the nanometer range for length and width (Takai, et al., 2014); however, it is believed that the air-drying process for SEM visualization causes 
the aggregates to morph into these large dendritic structures as seen in Figures 5 and 6 (Tomašovičová et al., 2018). 
The formation of amyloid-beta fibrils within the human brain has been reported to be a possible cause for Alzheimer’s disease. 
Amyloid fibrils can also be formed from various non-disease causing proteins. In this study, in vitro formation of amyloid fibrils 
from bovine gamma globulin and hen egg white lysozyme (HEWL) and the subsequent proteolytic degradation provided an 
exploration of amyloid fibril properties. The fibril formation from bovine gamma globulin at pH 2 was monitored using thioflavin T 
(ThT), which is known to bind amyloid fibril to form a complex, resulting in an increase of ThT fluorescence without a lag phase. The 
excitation wavelength used was 440 nm with an emission wavelength of 482 nm. The proteases, pepsin and trypsin were 
subsequently added to the pre-formed amyloid fibril to induce degradation. Pepsin’s properties allowed for the pH of the fibril 
networks to remain at 2, while for trypsin an adjusted pH of 7 ensured that the trypsin would be active. A decrease in fluorescence 
of the amyloid fibril-ThT complex confirmed that proteolytic degradation occurred to the amyloid fibril. The rate constant and the 
half-life for the degradation were calculated to compare influences from changes in pH to that of the proteases. Final half-life
calculations for degradation of the amyloid fibril came to be 1.3 hours for pepsin, 9.2 hours for the pH change for use of trypsin, 
and 14 hours for trypsin. This indicates that pepsin at pH 2 had catalyzed proteolysis of the fibril faster than trypsin or changes in 
pH. In vitro formation of amyloid fibril from hen egg white lysozyme at pH 2 was also studied using ThT fluorescence. The excitation 
and emission wavelengths were 440 and 480 nm for the lysozyme-ThT complex. Scanning electron microscopy (SEM) studies of 
gamma globulin at 0.24 mg/mL in pH 2 50mM phosphate buffer and HEWL at 0.1 mg/mL in pH 2 KCl saline at 65°C produced 
dendritic structures due to the air drying preparation for SEM. Future studies will expand the exploration of these degradation 
processes for amyloid fibril and applications for developing potential anti-amyloid agents along with efforts to further view the 
fibrils using the SEM.
ABSTRACT
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Graph 1: Fluorescence of ThT-gamma globulin amyloid fibril complex in 50 mM
acetate/50 mM phosphate buffer at pH 2 with constant ThT concentrations of 0.01 
mg/mL
Graph 2: Fluorescence of graph 1 continued
Graph 3: Fluorescence of ThT-gamma globulin amyloid fibril complex after 
addition of  26 µg/mL pepsin in 50 mM acetate/50 mM phosphate buffer pH 2 Graph 4: Natural log of graph 3
Graph 5: Fluorescence of ThT-gamma globulin amyloid fibril complex after 
addition of 67 µg/mL trypsin in 50 mM acetate/50mM phosphate buffer at 
pH 7 buffer Graph 6: Natural log of graph 5
Graph 7: Fluorescence of ThT-gamma globulin amyloid fibril 
complex after addition of 50 mM acetate/ 50 mM phosphate 
buffer at pH 7 Graph 8: Natural log of graph 7
Amyloid-beta fibrils are composed of long polymer strands of proteins. In the human body, these strands are formed from 
aggregated oligomeric intermediates that are continually being produced in various parts of the body. When these proteins 
continue to aggregate, it can cause conjugation— often folding into plaques, beta-sheets, or other elongated shapes 
dependent on the environmental composition and the components within the fibril structures. These fibril structures form 
matrix networks within having kinetic qualities that allow for specific reactions to occur more readily and to also change the 
flow of many molecules throughout the human body (Zamolodchikov et al., 2012). One type of influence from fibril 
conjugation can be seen within the bloodstream, where conjugation of these fibril causes clots to form, but can also range 
to form necessary cytoskeletal structures and movements within many cells of the human body. Different orientations and 
types of intermediates present, such as amyloids, proteins, or head/tail groups changes the use of these fibrils, ranging 
anywhere from muscle cell trafficking, cartilage shape (Lei, 2006), bone marrow production (Niinomi et al., 2015), or 
structure/signaling within brain cells. The kinetic networks of the fibrils are continually being produced and undergoing 
fibrinolysis, however, when the balance is lost, the fibrils are deposited extracellularly. If these amyloid fibrils continue to
form faster than they degrade within the human body, over time this can lead to amyloidosis. Amyloidosis can cause many 
health problems based on the types of amyloids present and location within the body (Mayo Clinic, 2015). One location 
where this causes a major problem is within neural cells of the brain.
The severe problems can range anywhere from forming blood clots in capillaries of the brain, which may lead to strokes 
(Kelly, 2002), or small distortions within neural cells of the brain. The distortions in neural cells changes cell membrane 
protein properties, forming toxic conditions and improper interactions between cells, which for neural cells this disrupts cell 
to cell signaling leading to memory loss as seen in Alzheimer’s disease (De Ferrari, 2000; Fändrich, 2012).
In this study, In vitro formation of amyloid fibrils using bovine gamma globulin, bovine serum albumin, and hen egg white 
lysozyme (HEWL) was used to test ways to degrade amyloid fibrils with two different serine proteases, trypsin or pepsin. 
Trypsin and pepsin are known to hydrolyze proteins and they were tested for degradation of the formed amyloid fibril 
structures. Thioflavin T (ThT) is to be used as a fluorescent dye for its known qualities for binding to fibril structures and 
fluorescing (Sulatskaya, 2011) allowing for observation and analysis of the amyloid fibril formation and degradation 
processes. ThT does not fluoresce if it binds the precursor monomers or amorphous aggregates of proteins.
Thioflavin T (ThT) is a small molecule that consists of two ring structures that are connected by a single rotatable bond 
(Figure 3). ThT binds to extended beta sheet structures. When ThT binds the restricted motion of the rotatable bond 
generates a fluorescence.(Vitali, 2008) As amyloid fibrils are formed the ThT will bind in this way and fluoresce. The 
intensity of the fluorescence signal can be used to proportionally determine the amount of fibril present at any given 
moment.
INTRODUCTION
Figure 1: Formation of Fibril Strands in a healthy cell.2 The starting 
monomers are individual molecules usually small proteins. As the 
monomers begin to aggregate they form oligomeric intermediates. 
When these oligomeric intermediates conjugate they form mature 
fibril strands. As these strands begin to bend and elongate they can 
warp cellular structures and properties, transforming a normal cell (in 
blue) to a diseased cell (in orange). 
According to our results, protease pepsin showed to have the best properties for inducing degradation of formed
amyloid fibrils. pH was determined to be a variable for the formation and degradation of these amyloid fibril. The
immature gamma globulin appears to form immediately without a lag phase and this immature fibril is degraded by
pepsin. The mature gamma globulin is more resistant to pepsin. Lysozyme does not appear to form immediate fibril
and there is a lag phase. We could not observe the fluorescence from the mature lysozyme fibril due to the
concentration. Bovine serum albumin appears to form the immature fibril without a lag phase at a slower rate than
gamma globulin. The mature bovine serum albumin fibril is more resistant to pepsin than the mature gamma globulin
fibril. In future studies we hope to further adjust lysozyme concentrations in order to produce usable data. We also
plan to further optimize the conditions for forming the fibril complexes. Along with investigating ways to either
prevent fibril formation or additional ways to degrade the fibril complexes without the use of pepsin.
CONCLUSION
Figure 2: Thioflavin T (ThT). Is often used as a fluorescence 
dye for amyloid fibril complexes.
Graph 9: Fluorescence of ThT-gamma globulin, bovine serum albumin, 
and lysozyme amyloid fibril complexes after addition of 91 g/mL pepsin in 
50 mM acetate/50 mM phosphate buffer at pH 2
Graph 10: Fluorescence of ThT-gamma globulin, bovine serum albumin, 
and lysozyme amyloid fibril complexes with addition of Sterile dI Water
Figure 5: SEM images of 
HEWL fibril formation at 
a protein concentration 
of 0.1 mg/mL in pH 2 
KCl saline at 65°C.
Figure 6: SEM images of bovine gamma globulin at a protein 
concentration of 0.24 mg/mL in pH 2 50mM phosphate 
buffer.
Figure 3: SEM imaging of HEWL 
amyloid fibrils. Takai and his 
colleagues demonstrated the 
applicability of SEM for the 
observation of amyloid fibrils 
without staining. The block 
depicts the formation of S-
amyloid(Takai, et al., 2014).
WINONA STATE UNIVERSITY   
UNDERGRADUATE STUDENT RESEARCH & CREATIVE PROJECTS FINAL REPORT
Electronically submit complete final report  ten (10) days following completion of project to Grants & Sponsored Projects (grants@winona.edu).  
Hover over fill-able fields for additional guideline and completion information. 
 
Student Name: Student Email:
Student Major:





The student-authored final report MUST include each of the following (check boxes to verify inclusion of each component): 
 
This report form, fully completed (page 1 of this form)











Submit complete reports electronically to Grants & Sponsored Projects (grants@winona.edu).  
  
A deans' sub-committee makes decisions on Undergraduate Student Research & Creative Projects proposals. 
  
Note that a copy of the project end product will be forwarded to Krueger Library for archival purposes.
